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AN ASCII FORTRAN SUBROUTINE FOR COMPUTING THE ELECTROMAGNETIC RADIATION

SCATTERED BY A SPHERE

1 INTRODUCTION

The Lorenz-Mie formalism1' 2 3 is the analytical solution for the far
field radiation which results when plane electromagnetic waves are scattered
by a homogeneous spherical particle. With the advent of modern high speed
computers programmed to provide numerical results, the Lorenz-Mie formalism
may be regarded as an idealized experimental tool which is capable of
predicting with certainty the scattering produced by spherical

particulates.
3

The development and use of computer codes to perform Lorenz-Mie
calculations are of prime importance for smoke/aerosol research. For
example, the excellent and widely used FORTRAN subroutine DBMIE, 4 which
was developed by J. V. Dave,5 has been the mainstay for performing such
calculations at Chemical Systems Laboratory (CSL). The DBMIE code was
modified for use on the ARRADCOM UNIVAC 1108 computer as a FORTRAN V
subroutine.6  The FORTRAN V compiler will be replaced in the near future
by the UNIVAC 1100 series ASCII FORTRAN compiler. 7  The ASCII compiler is
a modern, state-of-the-art compiler which implements the ANSI FORTRAN 77
standard.8  Rather than carry out a straightforward conversion of the
FORTRAN V Mie scattering subroutine, the code was completely rewritten to
incorporate new ASCII FORTRAN language elements. The result was the ASCMIE
subroutine which is a more structured, modular, Mie scattering code which
executes faster than the FORTRAN V code.

2 SOFTWARE DESIGN AND CODING CONVENTIONS

A compilation listing of the ASCMIE subroutine is given in appendix A;
the reader should become familiar with this listing before proceeding. This
subroutine is an implementation of the downward recursion algorithm of
Dave.5  A call to subroutine ASCMIE requires the specification of the

following input arguments:

X = D/A, the size parameter for a sphere of diameter D
illuminated by electromagnetic radiation of wavelength X.
An error condition is generated and the execution of ASCMIE
is halted if X < 0. X is a double precision variable.

N = the real part of the complex refractive index, m. A
printed warning is generated if N : 1 because the
algorithm has been thoroughly tested for N > 1 only. N is
a double precision variable.

K = imaginary part of the complex refractive index, m. An

error condition is generated and the execution of ASCMIE is
halted if K < 0. K is a double precision variable.

{ 7



THETAD a a double precision array containing the scattering angles
In degrees. The maximum number of scattering angles Is set
by the PARAMETER variable MXTHET at 100 angles. An error
condition is generated and the execution of ASCMIE is
halted If any value of the scattering angle exceeds 90
degrees.

NTHETA - the number of scattering angles at which the Lorenz-Mie
solutions are sought. NTHETA should not exceed 100 unless
ASCMIE Is recompiled with MXTHET set larger. An error
condition Is generated and the execution of ASCMIE is
halted If NTHETA > MXTHET. NTHETA Is an Integer variable.

All the input arguments specified above are checked for error and warning
conditions before a decision is made to proceed or halt execution. Each
error or warning is described by a printed message. Also, a check is made
to determine if sufficient array storage is available to perform the
calculations before the program is allowed to proceed.

The subroutine returns the following outputs:

QEXT - efficiency factor for total extinction. QEXT is a double

precision variable.

QSCAT - efficiency factor for scattering. QSCAT is a double
precision variable.

CTBRQS = product of the asymmetry factor and QSCAT. CTBRQS is a
double precision variable.

FMX = elements of the transformation matrix. FMX (4,MXTHET,2) is
a double precision array.

Definitions of the efficiency factors, asymmetry factor, and the
transformation matrix can be found in any of several excellent treatises on
the Lorenz-Mie Theroy.1, 2 ,3

An attempt was made to make the ASCMIE code as structured as possible.
The beginning of this program module is indicated by the SUBROUTINE
statement and the program module ends with the END statement. All of the
FORTRAN code which implements the algorithm between the SUBROUTINE and END
statements was divided into blocks according to the following scheme:

(a) BLOCK 0 contains all specifications statements.
(b) BLOCKS 100 to 600 are blocks of FORTRAN code which implement

algorithmic tasks.

(c) Each BLOCK is divided into as many SUBBLOCKS as necessary for
clarity and convenience.

48



Each BLOCK of the code was constructed according to the following style
rules:

(a) Each BLOCK starts with a statement labelled:

0, 100, 200, . ., 600

(b) Each SUBBLOCK starts with a statement labelled:

0, 10, 20, • ., 90
100,110,120, .,190
200,210,220, . .,290

600,610,620, .. ,69o

The smallest available label is used.

(c) 9000 series labels are FORMAT statements. Each digit following the
9 serves to identify the BLOCK and SUBBLOCK in which the FORMAT
statement occurs.

Using the conventions described above, the ASCMIE code is represented by
the following skeleton:

START OF MODULE: SUBROUTINE ASCMIE (X, N, K,
THETAD, NTHETA, QEXT, QSCAT, CTBRQS, FMX)

BLOCK 0: SPECIFICATIONS
BLOCK 100: CHECK FOR INVALID OR

OUT-OF-RANGE ARGUMENTS
BLOCK 200: INITIALIZING CALCULATIONS
BLOCK 300: SERIES SUMMATIONS
BLOCK 400: CALCULATE FINAL RESULTS
BLOCK 500: RETURN
BLOCK 600: ERROR SECTION

END OF MODULE: END

3 RESULTS

3.1 Sample Problem. A FORTRAN main program, MIECHK, was written to call the
ASCMIE subroutine and produce numeric results for sample problems. MIECHK
is essentially the same program as that used previously by Dave 5 for the
same purpose; a compilation listing of program MIECHK is given in appendix
B. A MAP (Memory Allocation Processor) listing of the absolute element
ASCMIE, which was produced by including MECHK and ASCMIE, is given in
appendix C. This absolute element was executed for Dave's sample problem
m = 1.342 - 0.1i, X = 1571.0.5 The results produced by ASCMIE are given
in appendix D and are in agreement with previous results. 5
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3.2 Timing Study. An important consideration in choosing a Mie scattering
code is the computer time required to produce numeric results. The time
required to execute ASCMIE for the sample problem described above (section
3.1) was compared as the size parameter was varied from 0.1 to 1571 with
similar results for two FORTRAN V versions of the Dave subroutine - MEMIE*
and MIE2.** The results of the timing study are presented in table 1, where
the times shown are the central processing unit times as listed by the
UNIVAC 1108 accounting algorithm.

Table 1. Comparison of Execution Times for Three Mie Scattering Subroutines

Time

ASCMIE MEMIE MIE2

sec sec sec

0.1 .947 .979 .995

1.0 1.018 1.049 1.051

10.0 1.427 1.490 1.592

100.0 4.021 4.068 5.004

1000.0 27.758 28.952 34.671

1571.0 41.166 42.137 51.637

In every case ASCMIE took less time to compute the same results than the

MEMIE and MIE2 subroutines. Independent of the value of X, we find that

TA < TM1 < TM2 (1)

where

TA = time required when using the ASCMIE subroutine

TM1 = time required when using the MEMIE subroutine

TM2 = time required when using the MIE2 subroutine

Because of the uncertainties inherent in computer timing operations and
the cursory nature of this timing study, these results should be regarded as
suggestive but not definitive.

*Unpublished data by M. E. Milham.

**Unpublish d data by . H. Frickel. I
10
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4. CONCLUSIONS

The ASCMIE subroutine:

(a) Is based on the downward recursion scheme of Dave.

(b) Uses many of the FORTRAN 77 features available in the UNIVAC 1100
series ASCII FORTRAN language.

(c) Is more modular and structured than the original Dave code.

(d) Executes faster than FORTRAN V versions of the Dave code (MEMIE,
MIE2).
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APPENDIX B

FTN COMPILATION LISTING OF MAIN PROGRAM MIECHK
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APPENDIX C

MAP LISTING OF ABSOLUTE ELEMENT ASCMIE

Wwo q C -ma- a- o w-v r. vr lC~ w ~ o0 'm

t'd M 04 I fO fl 04ef(I' mi C,4 M 0 oM4 -

CV-W (1evi r- ~- cy-wrvua in wD o 0

caitoo (am~ S *eqsw 4A 0 -0
C-ii t--i-e tl ~ s rtIt C- r- 11 co

)->(CZ zz-Jz( z 2 Zz- > > > >c~~~ 0: 4mmm4 m00 w w w C0 0 a 0 0
a -1 . - 3 2 3 3z 0ZZ ,0ZZ Z z Z z

boOw" wmm2Ci ( t..00"mic~vw w 0 4
-4 .-- '0 CV- - N~~C4---. N- av iN

0-lD 0i2)C l1- (DqD(W O r- an ;m' 1-I000AI
(m 44Tr -WC 0 CD-- r- n0 iN CM M C If r~J- Mlf

000 mmmm2( m "(C iN M to -. t; 04 (%1C-4 i Ll--i Iin
000 0000 OiN iCviiN C4 1 c l ( o) Cm f-rJL 14

000 0000 00 000000 0 0 00 O0oC)--

it cl V t--wa 1-4004-t. - m0 f 1-0 4 (fN #A 0.-C
C% 0-m-1 -( .)~ Cu. i 4N C4 -' 0 0cr iI10cm.(z --- V

4 0 0 0000 OO0w a " "C4 iCr) uj - 1 iCl -L I
V 4 v vvvv ww x v wI v44 44"Vq 4 40 04 0 r'lf~Ji000 0000 cozil.0oo0o oka;90o0oooo-

0
0

uu 0qqt ~ i
4040 q --- ----- ei. r.ago 0 C4 rdW C 0 N0 iNOOOCNiNNN CNi C1 iNoovtro04

00

33 1-

CA0 0-0 ai 40n U) 0a 0 a
0 00 - C-2O flU 4000 0

-o 000 0 0 0bC 0 0*0o
o 4000 0 0 0000 000 0

54 0
6-0 040 m W;W t040 1..,

644 -~ 0COD toI (91(0 Wi n c~l) in
-4 0 00 0 0 OiO (l 0

z 4 0 :-- !, - - . !L.. C14
3000 0 0 00z 010 0)

co00 0 0 0-O. 0 0"o 0

in- n - -0 C- 1
4440 3 v -4 00~) C

(n-A Z 0- -z~ -.
0~2 -C 441 --- -

u1. Q 0 U 0040 a0 444 04 144I 000
.- U2Cfl 3 0; -OZ

5-A 01 0040 z

in 0 0 zI 000 4

0CSZ.. LL. 040 0 x
in v 0c.l -000
e- 9-. M0 atK 0w 10x .Uiu wI 0 0C1- .

43 It VI1 40 2 U
IL( I0 a0 I- 4A up 2J 41 -

C. 0- xL 2 0 7--z
404~~~ 0 .. C 4 S

4-C 9L m cc 4 0 - LLC U (A U 4 O

-9 L II. &L 0 LL L 0 so 4-3 >

'37 I.q *-. o



ino

0)

0 0

I.-

0)

0)

0A

0

a a
us q0

u0
w 10

00)0

4A 0 at

0

00-
Mi ~~I-

Jo. 0Mz

Apnix C 38



APPENDIX D

SAMPLE OUTPUT FROM EXECUTION OF ABSOLUTE ELEMENT ASCMIE
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US MARINE CORPS ADDITIONAL ADDRESSEE

Uirector, Development Center Commander
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ATTN: TQTR

Wright-Patterson AFB, OH 45433

HQ AFLC/LOWMM

Wright-Patterson AFB, OH 45433

OUTSIDE AGENCIES

Battelle, Columbus Laboratories

ATTN: TACTEC

505 King Avenue

Columbus, OH 43201

Toxicology Information Center, WG 1008

National Research Council
2101 Constitution Ave., NW
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